might be insuffi cient to employ various methodologies of genetic analysis used in molecular breeding and breeding population management. Therefore, to secure enough polymorphic loci, we developed and evaluated additional microsatellite markers for further genetic studies for C. obtusa .
METHODS AND RESULTS
A microsatellite-enrichment library was constructed on C. obtusa plants collected from seed production stands throughout South Korea. Genomic DNA was extracted from fresh leaves with a QIAamp 96 DNA QIAcube HT Kit (QIAGEN, Hilden, Germany) using QIAxtractor (QIAGEN). The library was constructed according to the method of Glenn and Schable (2005) . Briefl y, genomic DNA from the leaves of C. obtusa was digested with a restriction enzyme, Rsa I, to obtain DNA fragments approximately ranging from 300 to 1000 bp and then ligated with a modifi ed SNX linker incorporated with a GTTT PIG-tail. This method should facilitate that the PCR product can be cloned directly without obtaining a large proportion of small DNA fragments and have effi cient A-tailing to yield good results from TA cloning. The ligation products were subjected to double enrichment steps by hybridization with 3 ′ -biotinylated microsatellite probes. The DNA fragments containing microsatellites were ligated to pGEM-T vectors (Promega Corporation, Madison, Wisconsin, USA), and the ligation mixture was transformed into competent Escherichia coli DH5 α cells. The resulting colonies were subjected to colony PCR to identify recombinant clones using M13 forward and reverse primer sets. The PCR products were purifi ed and directly used for sequencing by the ABI 3730 DNA Analyzer (Applied Biosystems, Waltham, Massachusetts, USA). After the trimming of vector and linker sequences, the nucleotide sequences were assembled to generate nonredundant contigs using Lasergene SeqMan (ver. 7.0.0; DNASTAR, Madison, Wisconsin, USA). Putative SSRs were identifi ed by MISA software ( Thiel, 2010 ) with the following criteria: a minimum of three repeats for dinucleotides to hexanucleotides and a gap within 100 bp for composite class. Criteria for primer design were as follows: amplicon size of 85-350 bp and annealing temperature of 57-60 ° C. Twentyone primers used in this study were synthesized by Biomedic Co. Ltd. (Bucheon, Korea ; www.ibiomedic.co.kr). The primer specifi city was validated by routine PCR using genomic DNA as templates. For the preliminary screening of markers to amplify putative single loci, routine genomic PCR was performed using genomic DNA from fi ve samples of C. obtusa as templates. The PCR products were separated on a 2% agarose gel. Twenty-one candidate microsatellite primers, which amplifi ed putative single loci, were selected to screen polymorphic markers and labeled with fl uorescent dye (FAM).
To validate the applicability of the 21 candidate primers to genetic studies, PCR amplifi cations were conducted for 90 samples from three seed production stands of C. obtusa located in Jeonbuk, Jeonnam, and Gyeongnam provinces, Korea. To test the transferability of the markers to the other related species, 12 samples of C. pisifera (Siebold & Zucc.) Endl. were collected in Chungbuk Province and used for further analysis. All the DNA samples used in this study were deposited at the Gene Bank of the National Forest Seed and Variety Center (NFSV, Korea); accession numbers and locality information are provided in Appendix 1. PCR was performed in 11-μ L reactions containing 9 ng of template DNA, 1.5 or 2.5 mM MgCl 2 , 200 μ M of each dNTP, 0.2 μ M of 6-FAM fl uorescent dye-labeled forward primer and reverse primer, 0.75 units of NeoTherm Taq DNA polymerase (GeneCraft, Hulme, United Kingdom), and 1 × reaction buffer (GeneCraft). The PCR cycling was conducted as follows: 5 min at 94 ° C for predenaturation; 34 cycles of 30 s at 94 ° C, 1 min at 54-62 ° C for each primer, and 1 min at 72 ° C; and a fi nal extension for 10 min at 72 ° C. The fl uorescent PCR products were mixed with Hi-Di formamide and GeneScan 500 ROX Size Standard (Applied Biosystems). Those were visualized and scored using an ABI 3730 Genetic Analyzer (Applied Biosystems) and GeneMapper 4.1 software (Applied Biosystems).
Fifteen (71.4%) of the 21 candidate primers were successfully amplifi ed for C. obtusa. Ten of these produced polymorphic DNA fragments, and the remaining fi ve primers produced monomorphic amplicons ( Table 1 ) . The percentage of amplifi cation for C. pisifera was 33.3% (5/15). Genetic properties of the 10 polymorphic primers for C. obtusa were evaluated ( Table 2 ) . The number of alleles ( A ), number of effective alleles ( A e ), and observed ( H o ) and expected heterozygosity ( H e ) were obtained by GenAlEx version 6.41 ( Peakall and Smouse, 2006 ) , and polymorphic information content (PIC) was calculated with CERVUS version 3.0.3 ( Kalinowski et al., 2007 ) . In the total samples (90), A ranged from four to 24 per locus, A e ranged from 1.2 to 14.2, and PIC values ranged from 0.160 to 0.927. H o and H e varied from 0.000 to 0.988 and from 0.165 to 0.929, respectively. The Co2047 marker, which had a high A e value, could be a most effi cient marker to infer current pollen fl ow using an indirect method such as TwoGener or a direct method such as parentage analysis, because high PIC values can be the result of relatively even allele frequency.
CONCLUSIONS
Ten polymorphic microsatellite markers developed for C. obtusa are available for genetic studies, such as analyses of current pollen fl ow, seed fl ow, mating system, and population genetic structure. Of these microsatellite markers developed in C. obtusa , 33.3% were successfully amplifi ed in the related species C. pisifera . The genetic information gathered by these markers could be useful for breeding program management of C. obtusa . 
